The present study aimed to investigate the expression and roles of interleukin (IL)-17 and tumor necrosis factor (TNF)-α in intervertebral disc degeneration (IDD) and to identify the association between the effects of IL-17 and TNF-α in IDD. This may increase understanding of the pathogenic mechanism underlying IDD, and aid the development of alternative therapies. The experimental group consisted of 40 samples of nucleus pulposus tissue obtained from the intervertebral discs (IVDs) of patients with IDD by surgical intervention, and was further divided into an annulus fibrosus disrupted group, comprising 18 patients in which the external annulus was ruptured, and an annulus fibrosus intact group comprising 22 patients. The control group consisted of 20 samples of nucleus pulposus tissue from the IVDs of patients with traumatic lumbar disc fractures. The mRNA and protein expression levels of IL-17 and TNF-α in the 50 tissue samples were detected by semi-quantitative reverse transcription polymerase chain reaction and immunohistochemical staining, respectively, and the results were statistically analyzed. The IL-17 and TNF-α protein and mRNA expression levels in the annulus fibrosus disrupted and annulus fibrosus intact groups were both higher compared with those in the control group. In addition, the expression levels of IL-17 and TNF-α in the annulus fibrosus disrupted group were significantly higher compared with those in the annulus fibrosus intact group (P<0.01). A positive correlation was identified between the mRNA and protein expression levels of IL-17 and TNF-α in the experimental group (r=0.957, P<0.01). IL-17 and TNF-α may therefore be involved in the progression of human IDD, and may have synergistic effects in the development of IDD.
Introduction
The intervertebral disc (IVD) is a complex tissue located between two bony vertebrae, which is composed of a centrally located hydrated nucleus pulposus, a peripherally located elastic and fibrous annulus fibrosus, and cartilaginous endplates (1) . Intervertebral disc degeneration (IDD) is the leading cause of lower back pain and certain other disc disorders, and is associated with a reduction in proteoglycan and type II collagen levels and an increase in type I collagen levels in the nucleus pulposus (2, 3) . Consequently, IDD leads to spinal degenerative diseases, including lumbar disc herniation (LDH), the most common degenerative spine disease in elderly people (4, 5) . The symptoms of LDH include lower back pain, weakness, numbness, pain and tingling in the leg or foot, and cauda equina syndrome (6) . The incidence of LDH is higher in developing countries, particularly in China, and the rate of LDH remains ~3-13% (7) . Similarly to other complex diseases, the etiology of LDH includes both hereditary and environmental factors (8, 9) . Hereditary factors include family history, and occupational factors are among the most significant environmental factors, including lumbar load, heavy physical work, and bending over or twisting (10, 11) . Previous studies have demonstrated that inflammatory cells and inflammatory medium are present in degenerative lumbar disc tissue, including interleukin (IL)-17 and tumor necrosis factor (TNF)-α, which are associated with the degeneration of LDH and hence the pathogenesis of IDD (12) (13) (14) .
IL-17 is a signature cytokine of T helper 17 cells, which induces the activation and mobilization of neutrophils, and triggers the production of chemokines and pro-inflammatory cytokines through cellular targets (15, 16) . IL-17 includes six family members, IL-17A-F, which have roles in the maturation of hematopoietic progenitor cells (16, 17) . Excessive or inappropriate production of IL-17 is associated with various disorders or diseases, including asthma, rheumatoid arthritis, ulcerative colitis, IDD, other autoimmune or inflammatory diseases and cancer (18) . Along with TNF-α and interferon-γ, IL-17 expression has been demonstrated to be elevated in herniated and IDD tissue samples, which suggested that IL-17 has an important role in IDD (19) .
TNF-α is an inflammatory cytokine is important in cell growth and death, tumor formation, stress response and immune response (20, 21) . The predominant functions of TNF-α include upregulating the activity of matrix metalloproteinases (MMPs) and the expression of genes, reducing the synthesis of collagen and proteoglycans, stimulating the inflammatory response and the production of other cytokines such as IL-l, IL-6, IL-8 and prostaglandin E2, promoting cell migration and improving the permeability of endothelial cells (22) (23) (24) . One of the basic pathological changes of IDD is the degradation of the extracellular matrix (25) . MMPs and tissue inhibitors of metalloproteinases (TIMPs) have an important role in degradation of the extracellular matrix in IVD (3, 10, 26) . Previous studies have shown that IL-17 upregulates the expression of MMP-1/13 in chondrocytes and synovial fibroblasts, enhances the enzyme activity of aggrecanase and collagenase and the monocyte-induced damage of the cartilage matrix, promotes the degradation of cartilage proteoglycan and collagen, and suppresses the synthesis of cartilage proteoglycan (19, 20, 27, 28) . Recent studies have suggested that TNF-α may stimulate IVD cells to produce MMP-3, and that MMP-3 can degrade not only the glycoprotein matrix (including fibronectin, laminin and gelatin) and proteoglycans, but also type II collagen and elastin, thereby increasing IDD (29) (30) (31) . Therefore, IL-17 and TNF-α may both be involved in the progression of IDD. The aim of the present study was to examine the expression of IL-17 and TNF-α and their association with IDD, in order to further understand the pathogenesis of IDD and provide valuable clinical information for the treatment of LDH.
Materials and methods
Ethical statement. The present study was approved by the Institutional Review Board of the Third Affiliated Hospital of Guangzhou Medical University (Guangzhou, China). Informed written consent was obtained from each eligible patient and the study was performed in accordance with the Declaration of Helsinki. (32) and clinical experience, the experimental tissue samples were further divided into an annulus fibrosus disrupted group (18 samples with a ruptured external annulus) and an annulus fibrosus undisrupted group (22 samples with an intact external annulus). Five patients had L3-4 intervertebral segment LDH, 24 patients had L4-5 LDH and 11 patients had L5-S1 LDH.
The present study also included a control group comprising 10 patients with lumbar vertebra fractures (7 male and 3 female; mean age, 34.55±13.23 years; age range, 21-65 years), who were examined by MRI and exhibited normal signals from the lumbar discs. The patients were admitted to the Department of Orthopedics of the Third Affiliated Hospital of Guangzhou Medical University between November 2011 and May 2012. Traumatic lumbar disc tissue (nucleus pulposus) samples were surgically removed from patients with lumbar vertebra fractures and designated as the control group. One patient exhibited L3-4 intervertebral segment LDH, 7 patients had L4-5 LDH, and 2 patients had L5-S1 LDH.
MRI grading. The IDD tissue samples were examined by TW2 MRI and divided into five grades (Table I) according to the modified Pearce Standard (33): Grades I and II indicated normal discs, and grades III-V indicated degenerated discs. The tissue samples in this experiment were classified as grade I (n=6), grade II (n=4), grade III (n=14), grade IV (n=13) and grade V (n=13) on the basis of MRI grading.
Pathological data. The lumbar disc tissue samples were randomly divided into two groups: One was used for hematoxylin and eosin (H&E) staining and immunohistochemical staining following fixing with neutral formaldehyde solution, embedding with paraffin, and sectioning, and the other was used for semi-quantitative reverse transcription polymerase chain reaction (RT-PCR) by immersion in liquid nitrogen.
H&E staining. The LDH tissue sections were fixed in 4% paraformaldehyde (Linyi Lixing Chemical Co., Ltd., Linyi, China) . After the completion of amplification, melting curves were obtained by heating to 60˚C to verify the PCR products. The whole sequence of mRNA for each target gene was obtained from the GenBank sequence database and Primer 5.0 software (Premier Biosoft, Palo Alto, CA, USA) was used to design the primer sequences. The primers used in the present study are presented in Table II . All primers were purchased from Beijing Dingguo Changsheng Biotechnology Co., Ltd. Absorbance value (A) was measured using an image analysis system (JS2012; Beijing Maisiqi High-Tech Co., Ltd., Beijing, China), and the relative amount of IL-17 or TNF-α mRNA was expressed as IL-17/β-actin or TNF-α/β-actin.
Statistical analysis. All data were expressed as means ± standard deviation, and all statistical analyses were performed using SPSS software, version 11.5 (SPSS, Inc., Chicago, IL, USA). Correlation between two variables was analyzed with Pearson's correlation analysis. One-way analysis of variance was used for comparison between multiple groups and least significant difference (LSD) t-test for comparisons between two groups. P<0.05 was considered to indicate a statistically significant difference.
Results
H&E staining. As shown in Fig. 1 , the cell density in the IVD tissue samples was lower and the distribution of the cell population was markedly inhomogeneous. In the control group, orbicular-ovate cartilage cells in normal lumbar IVD presented irregular cartilaginous lacunae. In addition, the majority of nucleus pulposus cells were isolated in the cellular lacunae, with a few multinucleated giant cells and cell clusters occasionally present (Fig. 1A) . In the experimental group, H&E staining revealed that vacuolation in the cytoplasm of the degenerate nucleus pulposus cells occurred with large clones 
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of hypertrophic chondrocytes, located in nested structures. In addition, these large clones of hypertrophic chondrocytes often appeared surrounding the cracks in the IVD. The appearance of cracks in the IVDs was an important marker for degeneration of the IVD (Fig. 1B) .
Protein expression of IL-17 and TNF-α. Fig. 2A mRNA expression levels of IL-17 and TNF-α. TNF-α and IL-17 mRNA expression levels were examined by RT-PCR, which showed TNF-α and IL-17 mRNA expression in both experimental and control tissue samples. Agarose gel electrophoresis demonstrated that the sizes of the PCR-amplified products of TNF-α, IL-17 and GAPDH were 293, 254 and 252 bp, respectively (Fig. 6) . The absorbance values of IL-17 and TNF-α compared with those of the internal reference (GAPDH) are shown in Figs. 7 and 8 , respectively, and also in Tables III and IV, respectively. The IL-17 mRNA expression levels in the annulus fibrosus disrupted group and annulus fibrosus undisrupted group were significantly higher compared with that of the control group (0.7263±0.0396 and 0.4858±0.0292, respectively, vs. 0.1788±0.0051; P<0.01 for both). As shown in Table IV , the TNF-α mRNA expression levels in the annulus fibrosus disrupted group and annulus fibrosus undisrupted group were both significantly higher compared with that of the control group (0.8061±0.0292 and 0.5488±0.0365, respectively, vs. 0.3791±0.0181; P<0.01 for both). Furthermore, IL-17 and TNF-α mRNA expression levels in the annulus fibrosus disrupted group were both significantly higher compared with that in the annulus fibrosus undisrupted group (both P<0.01).
The LSD t-test demonstrated a significant difference in TNF-α and IL-17 mRNA expression levels between the experimental and control groups and between the annulus fibrosus disrupted and annulus fibrosus undisrupted groups (all P<0.05; Table III and IV).
Correlation analysis of IL-17 and TNF-α mRNA expression. Fig. 9 demonstrates a correlation between IL-17 and TNF-α mRNA expression in the experimental group. The average luminosity ratio of IL-17 mRNA expression to TNF-α mRNA expression suggested a positive correlation between IL-17 and TNF-α mRNA expression (r=0.957; P<0.01).
Discussion
The results of present study demonstrate that IL-17 may have an important role during the pathological process of the degeneration of LDH, and the expression levels of IL-17 may be associated with the severity of IDD. IL-17 is a known pro-inflammatory cell factor that regulates and promotes the secretion of various inflammatory mediators, and underlies the pathogenesis of various types of inflammatory diseases, including acute and chronic inflammation (27) . Due to its strong pro-inflammatory properties, IL-17 is the initiation factor for numerous inflammatory cytokines and is closely associated with inflammatory diseases, including infection, tumors, allergies, transplantation and autoimmune diseases, particularly allergic and autoimmune diseases (34) (35) (36) . The basic pathology of LDH is thought to be extracellular matrix degradation, during which MMPs and TIMPs have an important role in disc extracellular matrix degradation (37) . Furthermore, IL-17 upregulates the expression of MMP-1/3 in chondrocytes and synovial fibroblasts, and is able to enhance the activity of aggrecanase and collagen, thereby promoting the degeneration of proteoglycans and collagen in chondrocytes (38) . Therefore, IL-17 may be involved in the progression of IDD, although the mechanism underlying this process remains to be determined, and may contribute to the development of IDD.
The results of the present study also indicated that TNF-α may take part in the process of IDD, and its expression levels may be associated with the severity of IDD. Several studies have demonstrated that TNF-α, a precursor protein synthesized by catalysis of the TNF-α-converting enzyme and predominantly secreted by mononuclear cells and macrophages, is a vital cytokine in immunity, cellular homeostasis, inflammation, and tumor progression (39, 40) . TNF-α may stimulate IVD cells to produce MMP-3, which can degrade the glycoprotein matrix (composed of laminin, gelatin and fibronectin and elastin), as well as type II collagen, thereby increasing IDD (29) (30) (31) . In the present study, the protein and mRNA expression levels of TNF-α were higher in the experimental group compared with the control group, which indicates that TNF-α may be associated with IDD.
The mRNA and protein expression levels of IL-17 and TNF-α exhibited a positive correlation; previous studies indicate that this may be due to TNF-α increasing the mRNA stability of IL-17 and increasing its protein expression levels (19, 41, 42) . The present study conducted clinical correlation analyses on the expression levels of IL-17 and TNF-α in degenerative IVD tissue samples, and determined that the two cytokines were positively correlated; this is in agreement with previous studies (22, 43) . Although the results of the present study identified that IL-17 and TNF-α were associated, they did not demonstrated that they exhibit synergistic effects in the pathological processes of IDD; however, previous studies have demonstrated synergistic effects, therefore further research to the current study is required (19, 27) . These results suggest that IVD cells could produce greater quantities of inflammatory mediators on the cell surface in response to the stimulatory effect of the pro-inflammatory cytokines IL-17 and TNF-α (28, 44) . In addition, a possible mechanism underlying the synergistic effects of IL-17 and TNF-α may be that exposure to TNF-α results in an increase of IL-17 expression levels, with the upregulated IL-17 expression being indicative of IDD in the tissue samples; in addition, TNF-α may stabilize mRNA or cellular transcription processes (41, 45) .
In conclusion, the results of the present study demonstrated that IL-17 and TNF-α are potentially involved in the pathological processes of IDD with positive correlation, and these cytokines may have synergistic effects. Thus they may act as novel targets for the prevention and treatment of IDD, and act as pathological references for future studies. Further clinical and genetic studies are required in order to elucidate the etiology and pathogenesis underlying the effects of IL-17 and TNF-α on IDD.
